Graphene oxide (GO) is a structurally complex and variable material comprising sheets of carbon atoms functionalized with a variety of moieties, including carboxyl, epoxy and hydroxyl groups. Potential applications span optoelectronics, energy storage, environmental science and biotechnology. The structural complexity necessitates the application of versatile and information rich characterization techniques. Conventional and scanning transmission electron microscopy [(S)TEM] has provided numerous insights into GO structure [e.g. 1-3], but the detail attained has not reached those familiar from studies of more pristine graphene [4] [5] [6] . Here, scanning electron diffraction (SED) is applied to obtain more comprehensive insights into the local layer stacking and structural disorder in GO.
Graphene oxide (GO) is a structurally complex and variable material comprising sheets of carbon atoms functionalized with a variety of moieties, including carboxyl, epoxy and hydroxyl groups. Potential applications span optoelectronics, energy storage, environmental science and biotechnology. The structural complexity necessitates the application of versatile and information rich characterization techniques. Conventional and scanning transmission electron microscopy [(S)TEM] has provided numerous insights into GO structure [e.g. [1] [2] [3] , but the detail attained has not reached those familiar from studies of more pristine graphene [4] [5] [6] . Here, scanning electron diffraction (SED) is applied to obtain more comprehensive insights into the local layer stacking and structural disorder in GO.
SED involves scanning the electron beam across the sample and recording an electron diffraction pattern at each probe position. Real and reciprocal space information is obtained with nanometer spatial resolution and rapid acquisition enables potentially beam sensitive materials, such as GO, to be studied. The 4D-SED dataset contains a wealth of information that can be extracted computationally post-facto [7] . In the case of GO, interpretation of the electron diffraction requires consideration of the effect of disorder, particularly on the diffracted intensities. These effects were studied via simulation, as shown in Figure 1a . Importantly, the metric commonly used to determine layer number in graphene was found to become unreliable. In graphene, monolayer material has first order reflections stronger than second order reflections with this ratio being reversed in multilayer material, but this breaks down for typical levels of disorder in GO. Taking account of the effects of disorder a region of GO film was analyzed (Figure 1b Images formed by plotting the intensity within a subset of pixels containing particular reflections in the diffraction plane as a function of probe position revealed contrasts of light/dark fringes or 'striations' across the field of view, shown in Figure 2 . This contrast is attributed to local displacements between the graphitic sheets. When the layers are shifted away from the ideal AB sequence, the (1,0)-type reflections show a significant variation in intensity. We interpret the VDF intensity striation effect here as the misregistry between buckled graphitic sheets or between a buckled GO monolayer and a flat GO bilayer, where the buckling introduces displacement similar to a set of partial dislocations. Close inspection of the average diffraction from the region (Figure 2a) showed that as well as the tri-layer material producing striation images, two GO monolayers with distinct rotational orientations are detectable. Orientation variations in the GO tri-layer were mapped by comparing the experimental diffraction to simulated patterns in a template library. Two regions with rotation about the graphitic c-axis by >2° were identified (Figure 2c) . One of these regions has an abrupt linear boundary with the majority of the film, which is identified as a topographical feature such as a kink or fold in one of the layers. The other rotated region has a curved boundary that is otherwise coherent making this most likely a low-angle grain boundary. 
